Abstract This study investigated the effects of aging methods (wet aging and dry aging) and aging times (7 and 14 days) on the physicochemical and sensory characteristics of meat quality using pork loin. Dry-aged loin (DA) had significantly lower moisture content and higher crude fat protein content than wet-aged loin (WA). The pH of DA was significantly higher than that of WA and it increased with the aging time. DA showed lower cooking loss and higher aging loss than WA (p \ 0.001). Lipid oxidation and metmyoglobin content of DA were higher than those of WA (p \ 0.001). Shear force in DA was lower than that in WA (p \ 0.001) and myofibril protein index (MFI) increased in DA. In addition, DA recorded higher scores of roast color, flavor and overall acceptability compared to WA. These results suggested that the application of dryaging on pork improved physicochemical, textural and sensory characteristics.
Introduction
Wet-aged meat is stored the meat in a sealed vacuum package at refrigerated temperatures, whereas in dry-aged meat is unpackaged and controlled relative humidity and temperature to exposed meat. The aging process in animals (lamb and beef) is widely recognized with an increase in tenderness and flavor in the meat industry (Choe et al., 2016; Obuz et al., 2014; Vitale et al., 2014) . Myofibrillar and cytoskeletal proteins are degraded through proteolytic enzyme activities in accordance with improving tenderness and water-holding capacity (Nowak, 2011) . A comparison between dry-aging and wet-aging of beef has reported that consumers who preferred to consume dry-aged beef has better overall flavor than wet-aged beef provided/gave a relatively higher value (Sitz et al., 2006) . In addition, the dry aging process contributes to enhance the dry-aged flavor, tenderness, and juiciness compared to non-aged and/ or dry-aged beef at 7 days aging time (Campbell et al., 2001) .
Information on dry-aged pork loin is limited, and recently, dry aging versus wet aging of pork loins has been gradually researched with respect to meat quality and sensory characteristics of aged pork loins (Juarez et al., 2001; Kim et al., 2016; Lee et al., 2016) . Min et al. (2008) suggested that oxidative stability of pork loin was higher than that of beef loin although unsaturated fatty acids in pork loin were higher than those in beef loin since the nonheme iron content and lipoxygenase-like activities were increased in beef loins compared to pork loins. This finding is in accordance with that described by Rhee et al. (1996) who reported that beef was more vulnerable to lipid oxidation compared to pork.
Although several researches have been performed to prove the difference in beef quality according to the aging methods and aging times, limited researches have been performed to compare dry-aged pork loin and wet-aged pork loin at different aging times. Therefore, the aim of this study was to evaluate the effects of dry aging versus wet aging and two aging times (7 and 14 days) on the physicochemical and sensory characteristics of pork loins.
Materials and methods

Animals and samples
Twenty pork loins (Longissimus lumborum muscles, n = 20) from twenty carcasses of three-way crossbred (Landrace 9 Yorkshire 9 Duroc) pigs were collected from a commercial slaughter house after 24 h of slaughter, and they were immediately transported to Konkuk University (Seoul, Republic of Korea). Pork loins were divided into two equal groups and were randomly allocated to the postmortem aging methods (dry-aging and wet-aging) and postmortem times (7 and 14 days). For the purpose of wet-aging, the pork loin was individually packaged under vacuum using polyethylene/nylon vacuum bags (Cryovac, Duncan, SC) and stored in a refrigerated room at 1°C ± 0.5 for 14 days. For the purpose of dry-aging, the pork loin was placed on a stainless-steel tray in a refrigerated room at 1°C ± 0.5, a relative humidity of 80 ± 5% and an air flow rate of 0.5-1.5 m/s.
Proximate composition analysis
Moisture, crude fat, crude protein, and ash of samples were determined according to the method of Association of Official Analytical Chemists (AOAC, 1995) .
pH measurement
Each sample (2 g) was homogenized with 18 mL of distilled water. The pH value of homogenized samples was measured by using a pH meter (pH 900, Precisa, Co, UK).
Aging loss and cooking loss
Aging loss of each sample (wet aging and dry aging at 7 and 14 days) was calculated as the difference in weight of samples with aged before and after Aging loss % ð Þ ¼ ðWeight of sample before aging À weight of sample after agingÞ= Weight of sample before aging Â 100
Each sample with a weight of approximately 100 g of steaks with 3 cm was heated in an oven. The cooking process was conducted by AMSA (1995) . The samples were heated for 10 min to the core temperature of 71.1°C, and afterwards, they were cooled down to room temperature. Cooking loss of each sample was calculated as a percentage of weight loss before and after cooking.
2-Thiobarbituric acid reactive substances (TBARS)
TBARS measurement was performed according to the method of Buege and Aust (1978) . Five grams of the sample was homogenized with 15 mL distilled water and 100 lL 6% butylated hydroxytoluene (BHT) in ethanol. One aliquot of the homogenate was reacted with 2 mL of TBA reagent (20 mM 2-thiobarbituric acid in 15% tricholoroacetic acid solution). The mixture was heated for 15 min in a water bath at 80°C. After cooling, the sample was centrifuged at 2000g for 10 min. The supernatant was filtered through a Whatman paper No. 1 and the absorbance of samples was evaluated at 531 nm by using a spectrophotometer (Optizen 2120UV, Mecasys, Seoul, Korea). The amount of TBARS was expressed as malondialdehyde (MDA) per kg of meat by using the molar extinction coefficient of 1.56 9 105 M -1 cm -1 .
Protein solubility
Assessment of protein solubility in samples was conducted according to the method of Bowker and Zhuang (2016 
Myofibril fragmentation index (MFI)
Assessment of the myofibril fragmentation index (MFI) of samples was conducted according to the method of Culler et al. (1978) with little modifications. Samples (4 g) were homogenized for 30 s with MFI buffer solution (20 mM potassium phosphate buffer at pH 7.0 with 100 mM KCl, 1 mM EDTA, 1 mM NaN 3 , and 1 mM MgCl 2 ). Homogenized samples were centrifuged at 1000g and at 2°C for 15 min. The supernatant was removed and the samples were centrifuged again with addition of MFI buffer solution using the same parameters. The supernatant was removed and added to homogenize, and then filtered through a strainer. MFI buffer solution was added to the filtrate to make a protein concentration at 0.5 mg/mL. Absorbance value was evaluated at 540 nm by using a spectrophotometer (Optizen 2120UV, Mecasys, Seoul, Korea). The value of MFI was calculated using the following formula: MFI = 200 9 Absorbance.
Metmyoglobin measurement
Assessment of metmyoglobin in samples was conducted according to the method of Chu et al. (1987) with little modifications. Samples (4 g) were homogenized for 10 s with 0.04 M phosphate buffer solution (pH 6.8). Homogenized samples were stored in a refrigerator at 4°C for 1 h. After refrigeration, samples were centrifuged at 5000g and at 5°C for 30 min. The supernatant was filtered through a Whatman filter paper No. 1. The absorbance of samples was evaluated at 525, 572, and 730 nm by using a spectrophotometer (Optizen 2120UV, Mecasys, Seoul, Korea).
The metmyoglobin measurement values were calculated using the following formula:
Color measurement
Color measurement of samples was conducted before and after cooking and blooming for 30 min at room temperature. Each sample were performed inside measurements. The color of samples was expressed as CIE L*(lightness), CIE a*(redness), and CIE b*(yellowness). The colorimeter was calibrated using a white plate (CIE L* = ? 94.48, a* = -0.67, b* = ? 3.31). Color measurement values of samples were determined using a colorimeter (NR-300, Nippon Denshoku, Tokyo, Japan).
Shear force
After cooking loss measurement, samples were cut from each steak into cubes of 100 mm 2 at 30 mm in length. Shear force was recorded as peak force (kg) on a minimum of 10 strips from each sample using TX-XT2 (Stable Micro System Ltd, England) equipped with a triangular blade. The condition of this machine was designed as 50 kg load cell and 200 mm/min cross-head speed.
Sensory evaluation
Each steak was cut into approximately 2.54 cm of thickness and 100 g of weight. The steak was cooked at a core temperature of 72°C using the air conventional oven and cooled at room temperature for 30 min. Each cooked steak was cut into 1.5 9 1.5 9 2.54 cm pieces and randomly served using three-digit codes. Sensory evaluation was conducted by trained panelists and the scoring of each sample was obtained in terms of off-flavor intensity, flavor, juiciness, tenderness, chewiness, roast color, and overall palatability using the 7-hedonic scale test (1 = extremely intense, bland, dry, tough, not chewy, gray, non-acceptable and 7 = none, intense, juicy, tender, chewy, red cherry color, very acceptable).
Statistical analysis
The experiment was designed in a 2 9 2 factorial arrangement with the aging methods (wet and dry) and aging time (7 and 14 days). Data were analyzed using the two-way ANOVA of SPSS version 24.0. A significant difference between the aging method (dry and wet), aging time (20 and 40 days) and the aging method 9 time interaction effects were tested by the Student t test (p \ 0.05).
Results and discussion Proximate composition
Results of proximate composition of dry-aged and wetaged pork loins during the aging time are shown in Table 1 . Dry-aged pork loins had significantly lower moisture content than wet-aged pork loins (66.69 and 70.03%, respectively), while dry-aged pork loins had significantly higher crude protein, fat, and ash contents (24.50, 3.57, and 1.58%) than wet-aged pork loins (23.70, 2.65, and 1.18%). With respect to the aging time, moisture and protein contents of aged pork loins were slightly decreased, whereas crude fat and ash contents increased from 7 to 14 days (p \ 0.001). The aging method and time interaction effects on crude fat content were detected (p \ 0.01), because fat content of dry-aged pork loins was more affected by the aging time. The interaction result showed that the moisture content of dry-aged pork loins was more easily evaporated since the surface area of meat was directly exposed to the air. A similar result was observed by Lee et al. (2016) who reported that dry-aged pork loins at 40 days had lower moisture content than non-aged pork loins.
pH, aging loss, and cooking loss
The pH, aging loss, and cooking loss of dry-aged and wetaged pork loins at 7 and 14 days are expressed in Table 2 . The pH increased significantly owing to the dry-aging process and 14 days aging time (p \ 0.001). Cooking loss of dry-aged pork loins was significantly lower than that of wet-aged pork loins (20.30 and 27.75%, respectively). Lower cooking loss and higher pH of dry-aged meat than vacuum-packed meat was in agreement with the result presented by Li et al. (2013) and Obuz et al. (2014) . Recently, enhancement of cooking yield and water-holding capacity of dry-aged beef was reported by Choe and Kim (2017) . Several studies have indicated that water-holding capacity increases with disintegration of protein during the aging time since there is an increase in ionic net charge through absorption and release of K ? and Ca 2? (Lawrie, 1998; Naveena et al., 2015) . Aging loss of wet-aged pork loins was significantly lower than that of dry-aged pork loins (4.94 and 21.20%, respectively), which was in agreement with previous studies (Li et al., 2013; Warren and Kastner, 1992) . Table 2 , TBARS level in dry-aged pork loin from 7 to 14 days aging time (1.42-1.90 MDA mg/kg of meat) was significantly increased compared to that in wetaged pork loin (0.11-0.23 MDA mg/kg of meat). The aging method and the aging times interaction effect on TBARS was not observed (p = 0.205). DeGeer et al. (2009) found that increasing TBARS values in dry-aged beef between 21 and 28 days did not have a negative effect on flavor, whereas the lipid oxidation positively contributed to agedflavor of dry-aged beef. A similar result was observed by Naveena et al. (2015) Exposure to the air could lead to sequential acceleration of lipid oxidation in meat under a dry-aging condition.
TBARS
As shown in
Protein solubility and myofibril fragmentation index (MFI)
The range of sarcoplasmic protein solubility from 76.80 to 79.23 mg/g and that of myofibrillar protein solubility from 42.07 to 43.11 mg/g was observed in dry-aged and wetaged pork loins (Table 2) , whereas no significant differences in sarcoplasmic and myofibrillar protein solubility were detected (p [ 0.05). Moreover, sarcoplasmic protein solubility was not affected by the aging time, while total protein and myofibrillar protein solubility increased from 7 to 14 days (p \ 0.01). Moreover, dry-aged pork loin showed higher total protein solubility than wet-aged pork loin (p \ 0.01). The interaction effect of protein solubility was not observed in this study (p [ 0.05). Wang and Xiong (2005) proved that the increase in protein solubility is related to the degree of protein hydrolysis. An increase in protein solubility of bovine muscle during the aging time has been reported in previous studies (Hopkins and Thompson, 2001; Naveena et al., 2015) . Figure 1 shows the changes in MFI of pork loin with the aging method and aging time. MFI of pork loins was significantly affected by the aging method (p \ 0.001) and the reported by Silva et al. (1999) who found an increasing MFI of wet-aged beef during postmortem (13 days). The increase in MFI during the aging time can be explained by the fact that proteolysis is responsible for the degradation of myofibrillar proteins (Gil et al., 1999) . With respect to the aging method, a high protein degradation rate was also reported in dry-aged beef compared with wet-aged beef in accordance with the result of protein solubility .
Metmyoglobin measurement
A significant interaction effect between the aging method and the aging time on metmyoglobin (%) was observed (p \ 0.001; Table 3 ). Metmyoglobin content of dry-aged pork loins (7 days, 53.40% and 14 days, 64.29%) was more significantly affected by the aging time compared to that of wet-aged pork loins (7 days, 28.26% and 14 days, 39.15%). Naveena et al. (2015) have reported that metmyoglobin content of aerobically packaged emu meat was higher than that of vacuum packaged emu meat at 9d aging time (55.93 and 6.97%, respectively). Metmyoglobin was formed from myoglobin oxidation (Faustman et al., 2010) . Metmyoglobin accumulation in meat was influenced by exogenous factors such as postmortem aging, display time, and muscle type (Madhavi and Carpenter, 1993) . Lindahl (2011) observed a similar result of high metmyoglobin accumulation in aged meat in high oxygen modified atmosphere packaging compared to aged meat in vacuum packaging. Therefore, this result might be caused due to the fact that oxygen penetration in dry-aged pork loins was enhanced since the surface of dry-aged pork loins was entirely exposed to the air compared to that of wet-aged pork loins.
Color of raw and cooked pork loins based on the aging methods and aging times
The effect of aging methods and aging times on color (L*, lightness; a*, redness and b*, yellowness) of raw meat and cooked meat was evaluated (Table 3) . Interaction effects on lightness and yellowness of uncooked meat were observed (p \ 0.05). Interaction effects could be explained by the fact that the lightness and yellowness of wet-aged pork loins increased from 7 to 14 days, whereas the lightness and yellowness of dry-aged pork loins decreased. Increased lightness of wet-aged pork loins can be explained by the fact that the high moisture content contributed to increasing the reflectance spectra of wet-aged pork loins (Bertram et al., 2004) . Similarly, Hwa et al. (2016) observed that the aging time under vacuum packaging resulted in an increase in lightness. In addition, the redness of dry-aged pork loins was lower (p \ 0.001) than that of wet-aged pork loins, and the reduction in redness occurred in both dry-aged and wet-aged pork loins from 7 to 14 days (p \ 0.001). This finding is in agreement with the result described by Kim et al. (2016) who reported that dry-aged beef had a relatively declining tendency of colors (lightness, redness, and yellowness) compared to wet-aged beef. In cooked pork loins, dry and wet aging methods did not influence the lightness and redness of aged pork loins, whereas an increase in lightness with a decrease in redness occurred from 7 to 14 days (P \ 0.001). The interaction effect on yellowness of cooked pork was observed (p \ 0.001). Yellowness of dry-aged pork loins was significantly higher than that of wet-aged pork loins regardless of the aging time. As reported by Seyfert et al. (2004) , premature browning of cooked meat at 71.1°C was accelerated in the presence of high oxygen levels. Therefore, high oxygen penetration to the interior of meat during aging may contribute to the transformation of myoglobin status and the color of meat (Vitale et al., 2014) .
Shear force
Shear force of aged pork loin was significantly (p \ 0.001) affected by the aging methods and aging times (Fig. 2) . The shear force value of wet-aged dry-aged pork loins was expressed as 4.65 and 3.61 kg, respectively. Furthermore, shear force of aged pork loins decreased from 4.68 to 3.59 kg during aging. The interaction effect on shear force was not observed (p [ 0.05). Campbell et al. (2001) noted that shear force was reduced in beef longissimus muscle between 14 and 21 days dry aging time. Improvement in shear force (instrumental tenderness) during aging occurred from the degradation of proteins such as myofibrillar and cytoskeletal proteins (Nowak, 2011) . Destefanis et al. (2008) demonstrated that the perception of tenderness was defined as the range of shear force (4.37-5.2 kg, intermediate tender and 3.36-4.36 kg, tender). Lee et al. (2016) concluded that dry-aged pork at 40 days aging time had a lower shear force than non-aged pork (2.50 and 4.64 kg, respectively).
Sensory evaluation
The effect of aging methods and aging times on sensory characteristics of pork loins (four treatments, dry-aged pork loins and wet-aged pork loins at 7 and 14 days aging times) is shown in Table 4 . There was no difference in off-odor between wet-aged pork loins at 7 and 14 days, whereas dryaged pork loins showed a significantly lower amount of off-odor than wet-aged pork loins (p \ 0.01). In addition, flavor score of wet-aged pork loins increased, while flavor score increased in dry-aged pork loins during the aging time (p \ 0.01). Juiciness of dry-aged pork loins was slightly lower than that of wet-aged pork loins and tenderness of dry-aged pork loins at 14 days aging time showed the highest score. In agreement with previous studies (Campbell et al., 2001; Juarez et al., 2001 ), tenderness, juiciness, and flavor of dry-aged meat increased with aging. Roast color and overall acceptability of dryaged pork loins were significantly higher than those of wetaged pork loins (p \ 0.01), which is in agreement with the result presented by Warren and Kastner (1992) who reported that brown-roasted flavor of dry-aged beef was increased compared to that of vacuum-aged beef. In terms of the aging method, dry aging process induced an improvement in instrumental tenderness and sensory characteristics of pork loins although adverse effects on total loss (the sum of aging loss and cooking loss) and pigment oxidation compared with those of wet-aged pork loins in this study. In addition, meat aged for 14 days by aging time improved meat quality more than aged meat for 7 days regardless of the aging method. The increase in crude fat and crude protein of dry-aged pork is due to the loss of meat moisture and, a decrease in shear force during aging. Therefore, this result concluded that the dry-aged pork with 14 days of the aging time improved physicochemical and sensory characteristics. For better improvement in dry-aging on pork quality, further studies are required for determining different conditions (temperature and relative humidity) and packaging (high/low oxygen penetration) response to the total loss, brown color of 
